Background
==========

Paracoccidioidomycosis (PCM) is a systemic and endemic mycosis restricted to Latin America caused by fungi of the genus *Paracoccidioides.* Laryngeal involvement is found in 22 to 43% of cases with the chronic form of the disease, which can lead to irreversible lesions \[[@B1], [@B2]\].

Dysphonia is the main functional sequelae of the larynx and usually significantly impairs quality of life \[2\]. This impact on personal, social and professional relationships is not necessarily directly related to the degree of dysphonia; therefore, the use of self-assessment voice quality instruments in the management of dysphonia has become increasingly valued, especially to assess therapeutic responses, sequelae and rehabilitation \[[@B3], [@B4], [@B5]\].

Dysphagia is another functional sequelae that can occur in patients with PCM with laryngeal involvement and should be investigated since swallowing disorders can lead to respiratory infections, which greatly contribute to the morbidity and mortality of PCM as most PCM patients already exhibit pulmonary involvement.

The lack of studies on laryngeal sequelae, especially regarding the quality of life of patients with PCM, motivated this study, the objective of which was to evaluate anatomical and functional laryngeal sequelae and their impact on patients' quality of life.

Methods
=======

Patients
--------

This cross-sectional study was conducted at the Otorhinolaryngology Outpatient Clinic of the University Hospital, Federal University of Mato Grosso do Sul, between September 2016 and April 2017 in Campo Grande, Mato Grosso do Sul, Brazil. The hospital's Systemic Mycoses Center has registered all demographic and clinical information of PCM patients seen at the center in a database since 2000. The study was approved by the institutional Research Ethics Committee under protocol no. 1,705,604 (August 31, 2016).

*Inclusion criteria* were:

Patients aged 18 years or older.Patients diagnosed with the chronic form of PCM as confirmed by identification of the typical forms of *Paracoccidioides* spp. in clinical material by direct mycological or histopathological examination, or by identification of specific antibodies by the double agar gel immunodiffusion (DID) test.Patients considered clinically cured based on symptom resolution and immunologically cured as defined by negative serology on the DID test for at least one year.

The *exclusion criteria* included patients with anatomical and/or functional changes in the upper aerodigestive pathway due to other etiologies.

A total of 168 patients in the database met the above criteria, and all had pulmonary involvement during the active phase of the disease. Of these, 58 also had concomitant laryngeal involvement at the time of PCM diagnosis and were contacted by phone or in person during routine consultation and invited to participate in the study. Sixteen patients accepted the invitation and constituted the PCM-laryngeal group. In this group, 12 patients had concomitant lesions in the oral cavity and/or oropharynx at the time of diagnosis. The 110 patients without laryngeal involvement on admission were also considered for participation in the study. The first 16 patients who accepted the invitation constituted the control group. In this group, 12 patients also had concomitant lesions in the oral cavity and/or oropharynx at the time of diagnosis. The control group was recruited strategically to avoid bias in the analysis of laryngeal function and deglutition ([Figure 1](#f1){ref-type="fig"}).

Figure 1.Flowchart of paracoccidioidomycosis patients evaluated regarding voice- and swallowing-related quality of life.

Procedures
----------

*Demographic and clinical data*

Demographic and clinical data were obtained by the researcher from structured interviews with the study participants and from their medical records using a form previously prepared for this purpose.

*Ear-nose-throat examination, videolaryngoscopy and fiberoptic endoscopic evaluation of swallowing*

The ear-nose-throat (ENT) examination and fiberoptic endoscopic evaluation of swallowing (FEES) of all patients was performed by the same otorhinolaryngologist (NSCAP), with the assistance of a speech therapist (VPG) - who recorded the oroscopic, videolaryngoscopic and swallowing findings on a standardized form. The videoendoscopic device used included a Karl-Storz® camera with an endocoupler, a Karl-Storz® xenon light source, a Sony® Trinitron monitor and a Karl-Storz® 8-mm rigid laryngoscope with 70 degrees of angulation for videolaryngoscopic and Pentax® 3.4-mm nasal fiberscope coupled to the Karl-Storz® for FEES.

The alterations observed on videolaryngoscopy were classified as to severity by a score based on its occurrence, sites involved, and type of lesions (VLS-score), as follows: 0 - no alteration; 1 - edema or hyperemia anywhere; 2 - amputation and/or synechia in the supraglottic region; 3 - amputation and/or synechia in the glottic region.

Foods with a liquid, thin and pasty, thick and pasty and solid consistency were offered. Filtered water stained with blue food dye served as the item with a liquid consistency and was offered to the participants in the form of small sips from a disposable plastic cup. The foods with thick and thin pasty consistencies were prepared using a starch-based commercial thickener (according to the manufacturer\'s instructions) dissolved in filtered water and stained with blue food dye, which were provided on disposable 5-mL plastic spoons. Water and salty crackers stained with blue food dye were used for the food with a solid consistency, which was placed directly in each individual\'s mouth.

Nasal regurgitation, delayed swallowing, posterior escape, stasis or laryngotracheal penetration/aspiration were the parameters analyzed during FEES.

Swallowing alterations were classified regarding severity by a rating proposed by the examiner, as follows:

*Mild*: impairment manifested in some swallows without causing discomfort to the patient that is easily circumvented with facilitating maneuvers, such as coughing and throat clearing.*Moderate*: impairment observed in all swallows causing some discomfort to the patient, such as choking and a feeling of suffocation; however, it still responsive to facilitating maneuvers.*Severe*: evident impairment causing substantial discomfort to the patient that is not reversible with facilitating maneuvers and can potentially lead to immediate clinical repercussions, such as laryngotracheal or posterior aspiration and aspiration pneumonia.

In this study, the examiner considered the symptom of dysphagia to be present in patients with a persistent complaint of difficulty or discomfort in swallowing of one or more food consistencies, leading to consistency restriction or the need for facilitating maneuvers for symptom relief. The presence of occasional swallowing complaints or the occasional use of facilitating maneuvers, such as coughing and throat clearing, was not considered a dysphagic symptom.

*Voice analysis*

All patients completed two self-assessment instruments validated for the Portuguese language:

The Voice-Related Quality of Life (V-RQOL) measure adapted from the American version \[[@B6]\] into the Portuguese language \[[@B7]\], which consists of ten questions covering physical and socioemotional domains, with scores ranging from 0 to 100 for each domain.The Voice Handicap Index (VHI) adapted from the American version \[[@B8]\] into the Portuguese language \[[@B9]\], which consists of 30 questions addressing functional, physical and emotional domains, with scores ranging from 0 to 40 for each domain.

For the comparative analysis of the questionnaire results, the weighted means of the total scores and the scores for each domain were calculated for both instruments, which varied from 0 to 100. For the V-RQOL, a value closer to 100 corresponds to better voice- related quality of life, while the inverse pattern applies to the VHI.

The voice analysis was complemented by a self-assessment of voice quality defined by an integer number between 0, which was associated with a voice considered poor by the patient, and 10, which was associated with a voice considered excellent. The voice quality estimated by the patient was classified into ranges as follows: 0 to 3, poor quality; 4 to 6, moderate quality; and 7 to 10, high quality.

The presence of chronic voice complaints since PCM diagnosis/treatment and/or a voice change diagnosed by the auditory-perceptual analysis performed by the otorhinolaryngologist or speech therapist was considered dysphonic sequelae; other causes of voice changes were not considered.

*Data processing and statistical analysis*

The data collected were entered in Microsoft Excel 2010, allowing the creation of reports according to the variables of interest.

Prevalence rates in the groups were evaluated by performing the test for comparison of two proportions using the normal distribution. Fisher's exact test was used to analyze categorical data in 2X2 contingency tables. Comparisons of three or more dichotomous variables in dependent samples were carried out using the Cochran Q test. The central measures of two populations were compared by the Mann-Whitney test. Correlations between variables were evaluated by Spearman's correlation coefficient. Significance was set at 5% and the software used was SPSS version 21.

Results
=======

The 32 study patients had a mean age of 51.3 ± 7.6 years at the time of diagnosis and 60.6 ± 8.4 years at the time of this study. [Table 1](#t1){ref-type="table"} shows that the study groups did not differ in demographic or clinical data.

Table 1.Baseline characteristics of the paracoccidioidomycosis patients with (n = 16) and without (n = 16) laryngeal involvement.CharacteristicsLaryngeal involvementp value\*No (n =16) n (%)Yes (n = 16) n (%)**Male gender**16 (100)15 (93.8)0.50**Ethnicity**White4 (25.0)5 (31.3)0.28Mixed/Black12 (75.0)11 (68.7)**Residence in a rural zone**Previous16 (100)16 (100)1.00Current6 (37.5)3 (18.8)0.27**Smoker (current or previous)**16 (100)15 (93.8)0.50**Alcohol intake (current or previous)**16 (100)15 (93.8)0.50**Clinical severity**Mild1 (6.3)1 (6.3)0.10Moderate12 (75.0)8 (50.0)Severe3 (18.7)7 (43.7)**Antifungal compound**Trimethoprim-sulfamethoxazole12 (75.0)13 (81.3)0.64Itraconazole3 (18.7)3 (18.7)Ketoconazole1 (6.3)-[^3]

All patients had different degrees of pulmonary sequelae, i.e., pulmonary fibrosis, identified by simple chest radiography and/or computed tomography. The prevalence of anatomical and/or functional sequelae in the larynx in the PCM-laryngeal group was 56.3% (9 patients), with 37.5% (6 patients) of these patients exhibiting anatomical sequelae - without predominance in the anatomical site (p = 0.91) or lesion type (p = 0.57) - 50% (8 patients) exhibiting dysphonia and no patient with dysphagia.

The following morphological aspects and lesion sites were observed at videolaryngoscopy: amputation of the epiglottis (n = 3), synechia of the epiglottis (n = 1), synechia of the interarytenoid fold (n = 1) and edema and/or hyperemia of the vocal fold (n = 2).

No correlation was observed between VLS-score and the three variables analyzed: VLS-score and V-RQOL-T: (r~s~ = 0.062; p = 0.82); VLS score and VHI-T: (r~s~ = -0.003, p = 0.99); and VLS score and SE: (r~s~ = 0.310; p = 0.24), by Spearman correlation.

On the V-RQOL questionnaire, the PCM-laryngeal group had worse (lower) scores for the physical domain questions, in contrast, the control group present no predominance of any domain. For the VHI, no significant differences were observed in the scores between the groups or predominance in any domain ([Table 2](#t2){ref-type="table"}).

In the self-assessment of voice quality, 14 (87.5%) patients in the PCM-laryngeal group reported high voice quality scores, while only one patient reported poor voice quality and one patient reported moderate voice quality. All the patients in the control group reported high voice quality, assigning scores equal to or greater than 7 ([Table 2](#t2){ref-type="table"}).

Table 2.Comparison of the vocal analyses performed by three different methods in the treated paracoccidioidomycosis patients with (16 cases) and without (16 cases) laryngeal involvement.Laryngeal involvementp value\*No (n = 16)Yes (n = 16)Med \[IQR\]Med \[IQR\]**V-RQOL**Physical91.7 \[87.5; 100.0\]79.2 \[58.3; 89.6\]0.02Socioemotional100.0 \[90.6; 100.0\]100.0 \[87.5 - 100.0\]0.57**Total**95.0 \[88.8; 100.0\]85.0 \[68.8; 92.5\]0.04**VHI**Emotional0.0 \[0.0; 3.5\]2.0 (0.0; 5.5)0.32Functional1.0 \[0.0; 10.5\]5.0 \[2.0; 10.0\]0.19Physical4.0 \[0.5; 11.5\]12.0 \[4.5; 14.0\]0.09**Total**7.0 \[2.5; 23.5\]18.0 \[10.5; 27.0\]0.07**Self-assessment**9.5 \[8.5; 10.0\]8.0 \[7.0; 9.0\]0.02[^4][^5]

The control and PCM-laryngeal groups had similar correlations when the V-RQOL variables were analyzed among themselves, when the VHI variables were analyzed among themselves, and when the V-RQOL and VHI variables were analyzed together ([Table 3](#t3){ref-type="table"}). However, the two groups differed substantially in the correlations between self-assessment voice-related quality of life and the different variables of the V-RQOL and VHI. In the PCM-laryngeal group, all these correlations were significant, whereas in the control group, self-assessment voice quality was correlated only with the physical domain of the V-RQOL measure (V-RQOL-P).

Table 3.Correlations among the V-RQOL and VHI questionnaires and self-assessment voice quality in the 32 patients with residual paracoccidioidomycosis (PCM), including 16 with (PCM-laryngeal) and 16 without (control) laryngeal involvement.PCM without laryngeal involvement (n = 16)V-RQOL-PV- RQOL-SEV-RQOL-TVHI-EVHI-FVHI-PVHI-T**V-RQOL-SE**r0.727\-\-\-\-\--p0.001**V-RQOL-T**r0.9460.905\-\-\-\--p0.0000.000**VHI-E**r-0.712-0.750-0.756\-\-\--p0.0020.0010.001**VHI-F**r-0.756-0.713-0.7850.756\-\--p0.0010.0020.0000.001**VHI-P**r-0.861-0.868-0.9390.8590.831\--p0.0000.0000.0000.0000.000**VHI-T**r-0.835-0.833-0.9000.9200.9270.962-p0.0000.0000.0000.0000.0000.000**S-E**r0.6620.1910.474-0.260-0.363-0.431-0.383p0.0050.4790.0640.3300.1670.0960.143**PCM with laryngeal involvement (n = 16)V-RQOL-PV- RQOL-SEV-RQOL-TVHI-EVHI-FVHI-PVHI-TV-RQOL-SE**r0.583\-\-\-\-\--p0.018**V-RQOL-T**r0.9110.863\-\-\-\--P0.0000.000**VHI-E**r-0.644-0.845-0.824\-\-\--p0.0070.0000.000**VHI-F**r-0.719-0.694-0.8030.856\-\--p0.0020.0030.0000.000**VHI-P**r-0.789-0.695-0.8510.7780.699\--p0.0000.0030.0000.0000.003**VHI-T**r-0.771-0.807-0.8910.9550.9330.880-p0.0000.0000.0000.0000.0000.000**S-A**r0.5580.7050.699-0.848-0.695-0.712-0.813p0.0250.0020.0030.0000.0030.0020.000[^6]

None of the 32 study patients developed dysphagia. Tooth loss was present in nine patients (56.3%) in the PCM-laryngeal group and in seven patients (43.8%) in the control group (0.70 \< p \< 0.80). Laryngeal sensitivity was altered in four patients (25.0%) in the PCM-laryngeal group and in two patients (12.5%) in the control group (p = 0.24).

Despite the absence of dysphagic sequelae in the study participants, some mild swallowing changes with no clinical repercussions were found on FEES in 50% of the subjects in both groups, with no predominance of any type of swallowing change or food consistency.

Discussion
==========

PCM is the most prevalent chronic infection of the upper airdigestive tract in Latin America, whose importance is related to its severity, sequelae in spite of appropriate therapy, and repercussion on the quality of life \[[@B10], [@B11]\]. Consistent with previous studies \[[@B12], [@B13], [@B14], [@B15]\], most of our patients were men, adults, cigarette smokers and alcoholics who previously resided or currently reside in rural areas.

The prevalence of PCM with laryngeal involvement ranges from 22 to 43% \[[@B1], [@B13]\], and dysphonia is the most commonly associated symptom, which is present in 50 \[[@B16]\] to 86% \[[@B17]\] of cases. In the present study, 34.5% of the patients with PCM had laryngeal involvement at the time of diagnosis, and dysphonia was the main symptom reported (81%). Notably, however, the absence of laryngeal symptoms does not exclude laryngeal involvement of the disease, which may be more prevalent than described \[[@B18]\].

Laryngeal sequelae due to PCM are important because of their frequency even after effective therapy and the severity with which they occur in many cases. Silva et al*.* \[[@B19]\] observed anatomical and functional sequelae in 40% of PCM cases with laryngeal involvement, and dysphonia was the main functional sequelae found. Our study revealed a higher prevalence of anatomic and/or functional laryngeal sequelae (56.3%). Although dysphonia is the most frequent functional sequelae in laryngeal PCM, its prevalence varies from 21% \[[@B20]\] to 50% \[[@B21]\]. This discrepancy is related to the patient selection criteria and the definition of dysphonia used.

No correlation between severity of the residual lesions evaluated by videolaryngoscopy (VLS-score) and any of the other methods for assessing voice-related quality of life was demonstrated. Da Costa et al. \[[@B22]\] observed that patients who had laryngeal involvement in the active phase of PCM remain with impaired voice after treatment, even without any fibrotic scar visible at laryngoscopy. Residual dysphonia may be due to the scarring process of the lesions or to functional adjustment mechanisms developed during the voice limitation phase \[[@B24]\]

The concept of a normal voice is subjective and varies widely. The voice may be considered normal when it sounds pleasant to the listener and when it is produced effortlessly with characteristics consistent with the speaker's gender, age, body structure and personality \[[@B23]\]. Therefore, the degree of dysphonia does not always have a direct relationship with an individual\'s quality of life because the intensity of vocal limitation depends on social, emotional and even occupational factors \[[@B5], [@B24], [@B25]\].

Thus, the use of validated instruments to measure the impact of dysphonia on quality of life is increasing, especially in the evaluation of treatment responses and rehabilitation \[[@B4], [@B5], [@B24], [@B25]\]. Although the voice self-assessment instruments applied in this study showed strong correlations with one another, the V-RQOL and self-assessment voice quality results differentiated the patients with and without laryngeal involvement. The group with laryngeal involvement presented worse physical domain of V-RQOL and self-assessment voice-related quality of life scores than the control. This can be explained not only by the residual lesions in the larynx, but also by functional adjustment mechanisms developed during the voice limitation phase \[[@B22]\]. Thus, as the videolaryngoscopic evaluation underestimates the real sequelae, specific functional tests should be performed. None of the patients studied used their voices professionally, and all reported low voice demands and a low-quality level of vocal requirement, which may help explain this finding. Although widely used to evaluate voice professionals, especially teachers, the instruments to measure the impact of dysphonia on quality of life have not yet been applied in patients with PCM with laryngeal involvement, reflecting the originality of this study. The voice self-assessment instruments used were effective and simple to apply, facilitating their introduction into the routine follow-up of such patients.

The swallowing disorder and consequent impairment of the protective mechanisms of the airways may lead to laryngotracheal aspiration, resulting in respiratory disease ranging from bronchospasm to aspiration pneumonia, pulmonary abscess, sepsis and death \[[@B26]\]. Because of their potential severity, detection of swallowing disorders is extremely important, especially in patients with cardiopulmonary comorbidities.

FEES provides a rapid and effective evaluation with basic technical requirements and therefore constitutes a good screening test for oropharyngeal dysphagia, exhibiting results comparable to those found with videofluoroscopy, which is considered the gold standard examination \[[@B27], [@B28], [@B29], [@B30], [@B31], [@B32]\].

None of the patients in this study developed dysphagia, although some mild swallowing changes with no clinical repercussions were observed on FEES. The high prevalence of tooth loss and decreased laryngeal sensitivity on the swallowing evaluation, which are common in elderly individuals, may explain the presence of these changes on the videoendoscopic examination even in the absence of dysphagia and underlying anatomical sequelae.

This study presents some limitations. Although the number of patients seems to be small in relationship to other diseases, 168 patients were initially selected in the Service, to reach the32 ones that reached the criteria of inclusion, 16 of them for the study group and 16 for the control group. In addition, this number of patients permitted a statistical analysis of the results. Nevertheless, it could be very interesting the evaluation of a higher number of patients. It could be also interesting the evaluation of at least two more stages of the disease, between the active phase and the residual lesions. It could be suggested the evaluation just after clinical cure, usually early observed and at the serological cure, to have a sequential analysis.

Conclusion
==========

There were no dysphagia complaints and only a few mild changes were found on the FEES, suggesting that this evaluation should be performed only in specific cases. Patients with laryngeal involvement presented worse V-RQOL and self-assessment voice quality.
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